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MAXI"  LIFT AND LONGITLTDING STABILITY 

CHARACTEElISTICS AT REYNOLDS UP TO 7.8 X lo6 OF A 

By Albert P. Martha and Owen J. Deters 

An investigation was conducted i n   t h e  Langley  19-foot  pressure 
tunnel of a 350 sweptforward wing of aspect ratio 5.8, having a taper 
r a t i o  of 0.39, and incorporating NACA 65430 afrfoil  sections.  Included 
fn the investigation were three  lesding-edge  stall-control  devices, 
extensible-nose  flaps, slats, and drooped-nose flaps; three high-lift 
devices, sp l i t ,  single,  and double slotted  trailing-edge  flaps; midwing 
fuselage; and horizontal ta i l .  

Extension of either the  extensible-nose flaps o r  slats over the 
inboard 41 percent of the span prevented  leading-edge  separation  over 
the  portions of the span covered by the leading-edge  device8 and 
minimized the  unstable pitching-moment  changes of  the basic wing i n  
the high-lift range. Deflection of trailing-edge f laps  caused  undesir- 
&le  changes i n  stability that were dependent on both the type8 and 
spanwise locations of f laps.  

A midwing fuselage  increased the basic wing maximum lift coefficient 
from 0.96 t o  1.21. 

Stab i l i t y  was obtained  throughout the l i f t  range with t h e   t a i l  
located 0 .ll semispag below the wing-chord plane extended f o r  all model 
configurations  investigated a.nd with the t a i l   l o c a t e d  0.11 semispan 
above the wing-chord plane with t ra i l ing-edge  f laps   neutral .   Instabi l i ty  
occurred in the  high-lift range *wFth the other ;tail positions  investf- 
&tea. 

The maxhwn tr-d lift coefficient  obtained wzth a s t a b l e   t a i l  
arrangement and u l t h  nose and trailing-edge  flaps  deflected was 1.85. 
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The l i f t -drag   ra t io  a t  0.85 of the m a x i m u m  liFt coefficient  (approx. 
l l 0  percent of the   s ta l l ing  speed) for the configuration  with flaps 
deflected was 7.3, while the mexFmum lift-drag ra t io  with  flaps  neutral 
was 14.6. 

Theory and experiment  have shown that sweepback and sweepforward 
are para l le l  means of increasing the force  divergence Mach number of 
w i n g s  employing subsonic a i r fo i l   sec t ions .  Lox maxfrrium lift coeffi- 
cients are experienced in either case as a resat  of ear- t i p   s t a l l i n g  
when the wing panels  are swept back and root s t a l l i ng  when the wing 
panels  are swept forwmd. 

Numerous low-speed investigations on sweptback wings ( f o r  example, 
see references 1 to 3) have shown that the  undesirable  stalling  charac- 
t e r i s t i c s  could be Improved by proper use of leading-edge stall-control 
devices  with  resultant  increase6 i n  maximum lift coefficient and 
improvement of the  longitudinal  stabil i ty while flap  effectiveness has 
been found t o  be low. S t i l l  other  investigations  (references 3 t o  5 )  
have shown that the stabi l iz ing  Wluence of the hor izonta l   t a i l  in the 
vicini ty  of maximum l i f t  depends rather c r i t i c a l l y  upon the  vertical  
location of the tail .  

Ln order t o  examine the aerodynamic characterist ics of a swept- 
forwaxd wing, an investigation was conducted i n  the Langley 19-foot 
pressure  tunnel t o  determine: 

(1) The extent  to  xhich stalling could be controlled by various 
leading-edge stall-control  devices 

(2 )  Effects of vertical   location of the  horizontal t a i l  on the 
stability characterist ics of the wing-Rrselage  combination 

(3) Aerodynamic characterist ics of the wing with  various  high-lift 
devf ce s 

(4)  Lateral-control  characteristics. 

. 

The results of  (l), (2), and ( 3 )  are preaented  herein, while reference 6 
presents  the  results of the  lateral-control  investigation. 
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COEFFICIENTS AND SYMBOLS 

3 

The data are  referred t o  the wind axes  with  the  origin at 25 per- 
cent of the mean aerodynamic chord and are reduced t o  stanAArd NACA 
nondimensional coefficients  defined as follows: 

drag coefficient (%9 
p i t  ching-moment coef f icfent 

increment in CL due t o  flap deflection 

increment Fn C, due t o  f lap  deflection 

effective  profile-drag  coefficient (CD - C D i )  

wing area, sqyare f ee t  

m i c  pressure, p o d s  per squeze foot (g) 
Velocity, fee t  per second 

mass density of air, slugs per cubic  foot 

coefficient of viscosity, slugs per foot second 

Mach nurdber (V/a) 

sonic  velocity,  feet per second 

loca l  wing chord.pa;rdlel t o  plane of symmetry, feet 

chord normal to reference l b e ,  fee t   ( see   f ig .  1) 

lateral   d is tance wallel t o  y-axis,  feet 
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b span, feet  
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z vertical  distance from root-chord  line extended t o  0.25 point 
of t a l l  mean aerodynamic chord, feet 

a angle of attack of root chord, degrees 

it incidence of tail chord plane with  respect t o  wing root 
chord; posi t ive  in  same sense a s  a, degrees 

6 flap  deflection measured in planes normal t o  f l a p  hinge 
l ine,  degrees 

'nit tail-effectiveness  parameter, increment in pitching-moment 
coefficient  per  depee change of t a i l  incidence (2) 

E effective downwash angle, degrees 

A angle of sweep of 0.25~ line,  degrees 

Subscripts: 

m a x  maximum 

t ta i l  

f trailing-edge  flap 

n leading-edge  device 

6 sinking 

i induced 

MODEL AND APPARATUS 

%e wing had 35.3' sweepforward a t  the 0 . 2 5 ~  l ine,  an aepect 
r a t i o  of 5.79, an& incorporated NACA 65-210 airfoi l   sect ions  in   planes 
perpendicular t o  the 22.50-percent-chord l ine .  The model w a s  of solid 
s t ee l  a d  was provided with a smooth f inish.  Complete King de ta i l s  are 
shown in   f igure 1. 
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LeaBing-edge stalJ"contro1  devices  investigated  included the 
f ollowfng : 

(1) Drooped-nose f h p s  

(2) Retractable  slats 

(3 )  Extensible-nose f laps  

The ef fec ts  of upper-surface  fences in  conjunction with each of the 
leading-edge  devlces were also  included.  Details of the  leading-edge 
devices and upper-surface  fences are given in  figure 2; and, a s  shown 
therein,  the drooped-nose f laps  formed the airfoil  contour in the 
neutral  position. The retractable-slat  assemblies, which were in te r -  
changeable with  the drooped-nose flaps, were of machined, dural, w h i l e  
the  extensible-nose  flaps were of s tee l .  

Three types of trailing-edge  flaps were investigated and are 
br ie f ly  summarized in the f o l l o w h g  table: 

Slotted 
Double s lo t ted  

c ' f / C  

0 -20 
55 

.77 

.25 
31  

5 

The positioning of  the  s lot ted and  double s lot ted  f laps  which  were nearly 
the  two-dimensional optimums are shown in  f igure 3. Also shown therein 
are  the spanwfse variations,  although  only one span of each of the 0.55- 
and O.n-chord s p l i t   f l a p s  was investigated. 

Leading-edge roughness w a s  simulated on the basic wing by means of 
No. 60 (approx. 0.01 i n . )  carborundum grains sprayed onto a freshly 
shellacked  strip  applied t o  the forward 8 percent of the upper and lower 
airfoil surfaces along the   ent i re  span. 

Fuselage effects  were determined for   the midwlng position. The 
fuselage,  a body of revolution, had a maximum diameter of 12 percent 
of the wfng span and was of laminated mehogany.  The  wing and wFng with 
fuselage were  mounted on the two-support system as  shown in figure 4. 
The three-support system m s  used f o r  t a i l -on   t e s t s  with the  third 
support  located  slightly behind the wing t r a i l i n g  edge on the fuselage 
underside. Figure 5 shows the  location of the  three  support  points q d  
fuselage.  details in addition t o  those of the  horizontal tail. 
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Vertical  positioning of the  horizontal t a i l  was achieved by 
mounting the t a i l  on a streamlined strut which could be moved i n  a 
ver t ica l   s lo t  in the  fuselage  afterbody. In order  to min-lmize the s t r u t  
overhang from the under surface of the  fuselage, two strut lengths were 
used, one for the two upper positions, and one of very short  length f o r  
the two lower positions. The vertical   location of the ta i l  vas measured 
from the  root-chord  line extended  because  of wing washout  which was a 
resu l t  of deriving  the w i n g  from  one having uniform twist. It can be 
seen, however, that   the  t w i s k  a t   the  wing stat ion corresponding t o   t h e  
t i p   s t a t i o n  of the ta i l  was such that  the  difference between the  local 
wing-chord and root-chord lines extended was negligible (0.009 semispan). 
Ensuing discussion,  therefore, will refer   to   the  ver t ical   d is tance as 
being measured f’rom the wing-chord plane  extended. 

TESTS 

The t e s t s  were conducted i n  the Langley 19-foot  pressure  tunnel 
with  the air compressed t o  about  atmospheres. All t e s t s  were  con- 

3 
ducted a t  constant  values of Reynolds number which for  the mcijority of 
the tests w a s  6.5 x 10 6 (based on the wing M.A.C.). The resulzing 
values of Mach  number and dynamic pressure were approximately 0.19 
and 120 pounds per square foot,  respectively. Because of structural  
limitations,  the  tail-on tests were conducted a t  a Reynolds number 
of 5 x 10 6 . Scale  eff  ct was determined i n  the range of Reynolds 
numbers from 1.85 X 10 t o  7.80 X lo6 with  corresponding Mach numbers 
ranging from 0.06 t o  0.24. 

8 

L i f t ,  drag, and pitching-moment measurements for each  configuration 
were taken through an angle-of-attack  range  extending from about -bo 
through maximm l i f t  in most cases.  Stall  progressions were determined 
by observing  the  behavior of wool tufts attached  to  the wing upper 
surf ace. 

CORRECTIONS TO DATA 

All data were corrected f o r  support tares and interference and for 
air-stream misalinement.  For the   t e s t s  wtth  the ta i l ,  the  tail-support 
tare was taken as the  difference  in  coefficients between corresponding 
runs with and without  the ta i l  support and was quite small. 

. 
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Jet-boundary  corrections were determined by means of a method 
adapted from reference 7 and were as follows : 

All corrections were addedto the data. 

FESULTS AND DISCUSSION 

7 

The force  chazacterist ics  of ' the wing  and wing w i t h  fuselage  are 
given i n  figures 6 and 7, respectively.  Figure 8 presents  the  effects 
of several leading-edge  devices and upper-surface  fences on the w i n g  
characterist ics,  and figures 9 t o  I1 present  the  characteristPcs of the 
w i n g  and fuselage i n  combination with  various  leading-edge  devices, 
upper-surface  fences, and trafl ing-edge  spli t   f laps.  Some of  the more 
important stall diagrams are presented fn figures 12 t o  14. Figure 15 
summarizes the  effects of  the leading-edge  devices, and figures 16 
t o  26 present and s m r i z e  the effects  of trailing-edge  flap  deflection. 
Figures 27 t o  29 include the e f fec ts  of a horizontal tail. AU. data are 
summarized in tables  I t o  IT. 

Basic w i w . -  The w i n g  became longitudinally  unstable at lift 
coefficients  well below C h  as a result of extensive  leading-edge 
separation which occurred  over  the root eections. A t  a Reynolds 
nEmiber of  6.5 X 106, ini t ia l   separat ion began at the leading edge of 
the root  section at  a l i f t  coefficient of about 0.5, spread rearward, 
and fanned  out at the trailing edge as shown Fn the  s t a l l  diagrams 

( f ig .  12( a) ) . The value of - ( f ig .  15) was zero a t  this point  but dc, 
dCL 

broke sharp ly  negative a t  a lift coefffcient of 0.7. 

A t  a l i f t  coefficient of 0.8 separation  occurred at the  leading 
edge over the inner 60 percent of the semispan and quickly  spread t o  
t he   t r a i l i ng  edge with  increasing a, as a result of which the ' 

pitching moment *curred &D. abrupt unstable trend. The separated  area 
extended t o  about 85 percent of the semispan at C h .  

The over-all wing characterist ics were similar t o  those  reported 
i n  reference 8 f o r  a th in  sweptforward wing which, notwithstanding the 
differences in plan form and sweep, allows by means of pressure 
distributions an explanation of the changes Fn loading  associated  with 
this type of s t a l l  progression. 
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The stabil izing  trend  in  pitching moment pr ior  to extensive" 
leading-eQe  separation is  believed t o  have resulted from rearward 
shifts in the loadings  over  the  root  sections  in a manner similar t o  
reference 8. 

Reference 8, furthermore, shows that w i t h  the  occurrence of 
extensive laminar separation. over the inboard  sections, the section 
m a x b n z m  l if ts  were generally  established. Further increases  to  the 
angle'of  attack,  therefore,  generally  resulted  in lift losses over the 
inboard  sections and an outboard s h i f t   i n  spwtse loading, while the 
over-all lift of the wing continued t o  increase s o m e w h a t .  This 
redistributed  loading, defined by a progressive loss of l i f t  over the 
inboard  sections and an increase over the  outboard  sections, produced 
the l u g e  forward movement of the aerodynamic center. 

Increasing the Reynolds number normally promotes a greater  extent 
of turbulent boundary layer which, by virtue of i t s  greater  resistance 
t o  separation, permits the atta-nt of progressively  higher  angles 
of attack, h-lgher leading-edge peak pressures and, consequently, a 
higher C b  ?=fore  the  occurrence of separation. It would be 
expected  then that a more severe and sudden separation of f low would 
occur  with an increase of Reynolds number.  Such effects  axe indicated 
in   f igure 6, although beyond a Reynolds mber of 5 X 106 no signifi- 
cant changes were noted t o  7.8 X 10 6 . 

The delay i n  1eaafn.g-edge separation, as would be expected, 
postponed the sudden increase  in drag as shown €n figure 6( c)  and 
reduced the loss in  l if t-curve  slope so that C h  occurred  approxi- 
mately 6' t o  8" eezl ier  at and above 5 X 10 6 than it dCd at the lowest 
Reynold8  number. The m a x i m u m  lift of 0.96, however, was essent ia l ly  
unchanged in   t he  range of Reynolds numbers from 1.85 X 106 t o  7.8 x 10 6 
and was not well defined by sudden losses. The value of C L m m  was of 
the same order of magnitude as that of other  thin sweptforward wings. 

The effects  of leading-edge roughness were determined  throughout 
the Reynolds number range and were similar t o  those shown in figure 6 
for a Reynolds number of 7 X 10 6 . 

The high mFnfmum drag values (fig.  5 (c) )  are believed t o  have 
resulted from four pairs of brackets which supported the flap  panels in 
the  neutral  position and which protruded  about 5 percent of the a i r f o i l  
thickness from the lower surface. The brackets were oblique to   t he  
air stream asd are vis ible   in   f igure 4 n e u  the t r a i l i n g  edge on ei ther  
side of each  support.  Sealing and fairing  the gaps on the upper and 
lower surfaces around the  trailing-edge-flap panels ( f ig .  1, section A-A) 
caused no discernible changes in   the  aerodyaamic characteristics. 

. 
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In the l o w - l i f t  range, the wfng aerodynamic center was located 
a t  29.3 percent of the m e a g  aerodynamic chord whlch  compared with 
28.5 percent  indicated by reference 9 (based on the Weissinger theory) 
for   th i s   p lan  f o m  with no camber. 

The lift-curve  slopes  obtained by  means of reference 9 and the 
experimental results of reference 10 (reduced in accordance  with  simple 
sweep theory)  agreed  within 2 percent of the  experimental  value 
of 0.064. 

Wing w i t h  fuselage.- A midwing fuselage  increased C b a  appreci- 
ably  although it promoted premature local  leading-edge  separation. 
Maximum l i f t  was lncreased 0.25 over the  basic wing and occurred st 8' 
higher angLe of attack. Leading-edge separation  occurred  approxi- 
mately 2' ea r l i e r  than It did on the  basic wfng as shown in the  fuselage 
on-off s t d l  diagrams of figure 12. Consequently, the  unstable 
pitching-moment break and rapid drag increase also occurred ea r l i e r  as 
seen in figure 7. Ins tab i l i ty  after pitching-moment reversal was 
greatly reduced by the  fuselage. 

The unfavorable  effect of the  fuselage  in promoting  premature local. 
leading-edge  separation can be qualitatfvely  explained t o  some extent 
from several.  Fnvestigations of unswept wfngs. References 11 and 12 
indicate  theoretically and experhental ly  that the  mselage-induced 
upwash appreciably  increases  the  span-load  distributions on the wing- 
fuselage  combhation  over  those of the wfng without  f'uselage, 
par t icu lar ly   a t  high angles of attack. The effect  extends 1.5 body 
diameters outward from the  fuselage  (reference 12). 

This induced loading in  addition t o  the  fuselage bouridary layer 
would favor  early  separation. Although not  included in this  investiga- 
t ion,  it is possible  that the favorable  effects of a high-wing fuselage 
m i g h t  reduce or  eliminate the adverse  effects of a midwing combfnation 
with  respect t o  sepazation. 

The aerodynamic center was located at 9 percent of the mean aero- 
dynamic chord which represented a forward s h i f t  of 20.3 percent from 
that of the  basic wing. This large shift i s  in reasonable agreement 
with  the  effects indicated in reference 1 3  and arose from both the  large 
body length ahead of tbe w i n g  aad the greatly reduced loading  across 
the  portion of the wlng covered by the  fuselage. 

Effects of Leafing-Edge Stall-Control DevLces 

Wing.-  The stall  diagrams of the wing with  41-percent-span nose 
f laps  extended  are'  presented Fn f € w e  13 (a). As shown therein, the 
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extensible-nose  flaps  delayed  leading-edge  separation  over  the  flapped 
portions of the span. I n i t i a l  leading-edge  separration began at the 
outboard  ends of the flaps a t  a l i f t  coefficient of about 0.8 (a z U0), 
while rough flow was noted beh-lnd and inboard of the  separated  areas. 
The pitching moment simultaneously  incurred an unstable  trend, as seen 
i n  figure 8(b).  A defini te   s tabi l iz ing  t rend  in   pi tching moment 
occurred at CL = 1.17 (a % 21' ), although rough flow was noted  over 
the  root  sections. There is  no obvious  explanation  evident from the 
t u f t  diagrams f o r  such a stabJlizing  trend.  Stalling  occurred  over 
the root  sections  at  nearly 22' although  the  pitching moment did not 
incur an unstable trend until a somewhat higher angle of attack 
was reached. 

The addition of fences a t   t h e  32-percent-semispan s ta t ion limited 
the  inboard s t a l l  progression  (see  fig. 14(a)) and sl ight ly   a l leviated 
the unstable trend which began at a CL of 0.8. Stal l ing occurred 
over the  root  sections, however, and progressed  outboard t o  the fences, 
thereby  rendering them Weffective  past a lift coefficient of approxi- 
mately 1.15. 

Tuft st.udies  indicated that a n  increase In the spans of the 
extensible-nose flaps resulted in s t a l l i ng  over the  root  sections a t  
lower angles of attack  with a greater  degree of in8tabi l i ty  noted 
thereafter. (See f i g .  8( b) . ) 

Characteristics  with slats extended were nearly  identical  to  those 
with nose-flaps  extended. A slight  difference w&s noted between the 
41-percent-semispan devices i n  that a more pronounced unstable  trend 
in  pitching moment occurred w i t h  s l a t s  extended at a l i f t  coefficient 
of 0.8. (See f ig .  8(b).) 

The leading-edge stall-control  devices  effected an appreciable 
extension of the l i f t  curves. (See f i g .  8(a).  ) The longest span 
devices  reached  lift-coefficient  values of 1.4 with no indication that 
maximum lift was being approached at the  highest  angles of attack 
reached during the tests. The shortest span devices  reached maximum 
lift values of 1.20. A8 would be expected from the nature of the flow 
characterist ics,  the drags in the high-lift range  decreased with 
increasing spans of leading-edge  devices.  (See f i g .  8( c ) .  ) 

Wing-fuselage  combination.- Extension of 41-percent-span nose flaps 
on the wing-fuselage combinat-Lon prevented  leading-edge  separation in a 
manner similar to  that on the wing alone.  Local  leading-edge  separation 
behind  the nose f laps  at the wing-fuselage  juncture  occurred at a l l f t  
coefffcient of 0.63 ( f ig .  13 (b ) )  although it was of l i t t l e  consequence 
because of i t s  localized  character, and would be expected in view of the 
previously  explained body interference. 
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4 As shown i n  figure 15, the drooped-nose f laps  w e r e  the   least  

effective in 'reducing  the large variat ions  in  - ac, experienced by the 

wing-fuselage cmbination, mainly because the development of separation 
behind the flaps as indicated by tuft studies was not  greatly  delayed. 
The combination with slats extended was unstable at 
(fig.   lO(a)) and in s t ab i l i t y  was also indicated w t t h  nose f laps  extended 
(see fig. lg), although this was not definitely  established  since 
maximum lift was not  reached. 

Z L  

Upper-surface  fences a t  32 percent of the wing semispan on the wing-  
fuselage conibination ~ t h  leading-edge  devfces  extended produced effects  
similar t o  those with fuselage off i n  that they delayed the irtboaxd stall 
progression and thereby  alleviated  sl ightly the unstable  trend in  pitching 
moments ( f igs .  9( a) ,  lo(&), and =(a) ) and reduced the  variations 

of - dCm f o r   a l l  cases  except w i t h  drooped-nose flaps ( f ig .  15). 
% 

A maximum lift coefficient of 1.36 w a s  reached  with 0. 4l-2 slats 
2 

extended at a = 25'. N e a r l y  ident ica l   vdues  of l i f t  coefficient 
were obtained a t  the same angLe of attack  with the 0.415 b nose flaps 

extended  and with 57.5-percent-apan  drooped-nose flaps deflected 30°, 
although maxirmnn lift was not attained with the l a t t e r  two devices. 

The l i f t -drag  ratios in the high-lift range were considerably 
improved by extension of 0. kl$ nose flaps ( f ig .  25 ) . 

E f f e c t s  of Trailing-Edge  Flaps 

All  the  configuratfons with trailing-edge flaps deflected exhibited 

unstable  variations of - i n  the v ic in i ty  of maximum lift, although 

the  unstable  variations  occurred somewhat below maximum liFt w i t h  e i t he r  
single  slotted o r  double s lot ted  f laps   def lected on the wing-fuselage 
combination w i t h  O.b& nose f laps  extended (f ig .  =(a)). 

a L  

2 

Figure 22 presents the increments i n  pitching moments  due to f lap 
deflection at a = -0.70 (CL = 0 w i t h  f laps  neutral) .  As seen  therein, 
the ra t ios  of the  incremental pitching-moment coefficients t o  the 

incremental 1ff-t coefficients am - f o r  given  flap  spans were nearly 
E L  

constant for the three Q-pes of flaps investigated and were a minimum 

for,fla;ps exten- from 0 . 3 7 ~  to 0.97~.  b b 
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Addition of the  fuselage (plus extension  of nose flaps) reduced the 
negative pitching-moment increments due to  trailing-edge flap deflection, 
which reductions  in  the  case$ of s p l i t  flaps appeared t o  be greatest fo r  
inboard  located  flaps.  Figure 23 presents the pitching-moment variations 
with  angle of attack  for  various split flaps to i l l u s t r a t e  the afore- 
mentioned effects .  The nonlinearity  of  the  fuselage-on  curves at low 
angles i s  believed  to arise from the  effects of the nose flaps,  although 
it can be seen that the pitching-moment increments are  not  greatly 
altered by the nonlinearities. 

The influence of the  fuselage on the  incremental  pitching moments 
of inboard  located  flaps is believed t o  result from the  flap-induced 
angle of attack on the  fuselage and the change caused by the  fuselage 
in  the  carry-over  load between the inboard ends of the flaps. On the 
other hand, the  influence of the fuselage on the outboard flaps was 
small. 

Thin a i r f o i l  theory  indicates that LCm may be reduced by 
increasing  the flap-wing-chord ra t io ,  although for swept  wings it i s  a 
much less effective means than varying the spanwise locations of  the 
flaps.  The effects  of Increasing  the  spli t-flap chords for the 
43-percent-span flaps  located from 37 to 80 percent of the semispan 
are shown in figure l7(a). It can be seen that the 55-percent-chord 
f laps  were nearly self tr3Lng, although l i t t l e  or  no gain i n  maximum 
l i f t  coefficient over that of basic wing was experienced. 

The l i f t  increments both in the linear range and at C k  were 
nearly proportional t o  flap span as shown in  figure 24, with  those due 
t o  double s lot ted  f laps  about  double those of sp l i t   f l aps .  It i s  t o  be 
noted that figure 24 t a k e s  no account, of spanwise-flap  location so that 
on ly  trends  are  indicated. The modifiea  increments of a similezly 
flapped unswept  wing (reference 10) are also shown in figure 24. 

The increments of reference 10 were modified as follows: 

Some agreement is shown. Addition of the  fuselage and extension of 
leading-edge  devices  did not a l t e r   t he  lift increments i n  most cases. 

It is  indicated In figure 25 tha t  high trlmmed l i f t  coefficien$s 
can be obtained with re la t ive ly  high values of the   l i f t -drag  ra t ios .  
The differences in gliding speeds at minimum sinking speeds for the 



various  flaps were not over 10 percent, as shown by the  glide sinkipg- 
speed  envelope  superhrposed on figure 25; but  deflection of either 
--span single o r  double slotted  f laps  effected  reductions  in 
minimum s i n k i n g  speeds in the order of 30 percent over those with 
either f'ull-span s p l i t  or partial-span double slotted flaps.  Obvfously, 
the  l i f t -drag  ra t ios  omit the drag of the tai l ,  landing gear, and 
parasite items which, if included, would reduce the values  presented 
therein but would not  al ter  the  cmparative  trends.  

An interesting fllustration of the effec ts  of sweep on the 
effect ive  prof i le  drag coefficient f o r  various f l a p  arrangements 
i s  given in figure 26: The unswept v d u e s  were obtained fram the data 
of .reference  10 w i t h  the best possible  estimates of induced  drag  used 
in both cases. The induced  drags for the sweptfoluard wing w e r e  calcu- 
l a t ed  by means of reference 9 and were increased 10 percent as an 
e s t k t e  of the effects  of the f l ap  cut-out at the plane of symmetry. 
Substantial  reductions  ranging from 36 percent  for the split f laps  to -  
approximately 50 percent for the single   s lot ted  f laps  were shown and 
were at l e a s t  as great as indicated by the cosine of the sweep angle, 
squared. 

e' 

Effects of  Horizontal. Ta i l  

Linear lift ranae. ~~ ~ v 

- 0 . u  t o  0.36 semfspa~s 
s t a b i l i t y   i n   t h e  linear 

- In the range of ta i l  positions  investigated, 
from the wing-chord plane  extended, the greatest 
lift range was generally  obtained with t h e   t a i l  

located a t  the higher positions as shown by the  neutral   points of 
figure 28. It can a l s o  be seen that deflection of trailing-edge  flaps 
considerably  reduced the s t a b i l i t y  of most configurations. The values 
of - are tabulated as follows: da 

I I I t I I I I 
I Nose 

1 :  Neutral 
Trail- edge 

Neutral 
Neutral 

50 double s lo t ted  
87 double s lot ted 
87 single  slot ted 

0.3610.252 0.114 1-0;107 
0.38 0.42 

.85 .a .55 .48 - 79 .45 .47 .50 
- 78 .8o .69 .% 
- 70 -57 -32 -29 

0.50 0.56 

\ 
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These values were constant throughout most of the  l inear   l i f t -coeff ic ient  
range  except a t   t h e  lowest tail positions. The values were obtained from 
the effective downwash calculated from pitching moments, tail on and o f f .  

The valuea  of  tail-effectiveness  parmeter Cmit (obtained from 
two tail incidences) were constant  in the l inear   l i f t -coeff ic ient  range 
f o r  all t a i l  positions  except  the  lowest, at which slight  increases  with 
angle  of  attack were generally  noted  (figs. 27( a) and 27(b) ) . I n  the 
cases w i t h  trailing-edge  flaps  neutral, It is possible that interference 
from supports and support  fairings would produce  such effects.  The t a i l  
effectiveness based on the  Isolated t a i l  l if t-curve slope of 0.0493 per 
degree (which  was constant t o  C b x  of the tail and reported  in 
reference 4) agreed w i t h  the experimental  value  of -0.0421 per degree 
obtained  for  the highest t a i l  position w i t h  all flaps  neutral. The 
values of t a i l  effectiveness  for all positions above the chord  plane 
were from 10 t o  15 percent  lower w i t h  nose flaps extended than w i t h  nose 
flaps  neutral   (f ig.  27(b) ) and are believed t o  have resulted from 
consistent  errors  in measuring tail incidence. 

Nonlinear lift range.- Large changes in   s t ab i l i t y  were experienced 
at nearly a l l  t a i l  positions as evidenced by the pitchlng-moment 
variations  given in figure 27. No changes were indicated at 
the -0.12 posftion  with nose f laps  deflected and rather small changes 

a t  the 0.lI-i posit ion  vith  full-span single s lot ted flaps deflected. 
The s t ab i l i t y  changes with  flaps  neutral were stabi l iz ing and occurred 
in   the  lower part of t h i s  range (moderate-lift range) a t  all positions 
below the O.25$ position, at which a destabilizing change occurred at a 
higher angle of a t tack   in  w h a t  may be considered the high-lift range. 
Deflection of nose f laps  caused a s tabi l iz ing change t o  occur at 
the 0.115 position in the  moderate-lift range, while destabilizing 

changes were noted fo r  higher  positions i n  the  high-l i f t  range. 

2 

b 

With trailing-edge  flaps  deflected, all of the changes in   s t ab i l i t y  
were s tabi l iz ing in the moderate-lift  range, although most of the trends 
subsequently reversed t o  unstable i n  the high-l i f t  range. 

In the  cases  with flaps neutral,  abrupt  losses  in t a i l  effectiveness 
were experienced at a l l  positions above the chord plane simultaneously 
with the   s tab i l i ty  changes (f ig .  27(a)). The losses  resulted from the 
entry o'f the t a i l  into the wakes emanating from the  stalled  root 
sections of the wing  which  were direct ly  ahead of the tail .  Conse- 
quently, it is believed that buffeting would occur and thus  render 
operation in this  region  quite  unlikely. While l i t t l e  change i n  tail 
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effectiveness  occurred at the lowest  position (-O.U$), the change in 
s t ab i l i t y  i s  a t t r ibu ted   to  the tail-off  characterist ics.  The rather  
abnipt  increases in ta i l   e f fec t iveness   a t  the higher W e s  of attack 
indicate that the lower edges of the wakes moved up quite  rapidly. 
This movement is borne out in reference 14, which shows that the lower 
edge of the wake st the plane of m e t r y  moved from below the chord 
plane at low  angLes of a t tack   to  between 0.15 and 0.25 semispan above 
a t  high angles. 

Since  extension of nose flaps  prevented leading-edge separation, 
the wake dhensions were obviously  reduced as indicated by the Frmaller 
losses in t a i l  effectiveness at the  higher  positions and the nearly 
complete elfmination of the losses a t  the lower posit ions  (fig.  27(b)). 

Changes in were a lso  reduced a t   t h e  lowest  position and hence the 
s t a b i l i t y  changes w e r e  also minimized. The 0.115 position exhibited a 

strong  stabil izing tendency (a 2 12O, fig.  27(b)) and was believed t o  

resu l t  from the loss in - " arisfng fram the onset of wing r o o t  stall. 

The configurations  with the tail located above 0 . d  from the chord 

plane became unstable Fn the vicinity of  14* angle of attack. It is  
not certain whether o r  not  sufficient stall w a r n i n g  would develop 
t o  preclude  the  possibilitg of operatfng fn the unstable  range. 
Abrupt and severe losses i n  tail effectiveness and rather large 
losses Fn dE were experienced a t  all t a i l  positions  concurrent w i t h  

t he   s t ab i l i t y  changes with trailing-edge  flaps  deflected. The losses 
in  tail   effectiveness  eventually predominated, causing the subseqEnt 
unstable  trends. It is  believed, however, tha t  the likelihood of 
buffeting would make operation in to  or past the  stable  regions  unlikely. 

b 

da 

2 

da 

From the  foregoing  considerations it appears that reasonable va lues  
of l i f t  coefficient can be obtained with a tail.-stabilized  configuration. 
The orders of magnitude of trimmed lift coefficients  belfeved t o  be 
attainable on the wing fuselage w i t h  0 . 4 s  nose f h p s  extended were 

taken from figure 25 esd are tabulated as follows,  together w i t h  the LID a e s :  

2 

I I I i 
Full-~pm Spli t  5.1 1.4 
Full-span single slotted 

6.2 1.7 Full-span double s lot ted 
4.8 1.5 Partial-span double s lo t ted  

. 6.6 1.5 
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The l i f t  coefficients correspond approxhately  to  the  regions where 
large  s tabi l i ty  changes occurred as indicated by the  abrupt  variations 
in  the  calculated values of the  horizontal tail incidence  required 
fo r  trim (f ig .  s), except, the  value  given  for  split  flaps which was 
based on an  estimate inasmuch as no tail tests w e r e  conducted with 
spli t   f laps  deflected.  The maximum trimmed l i f t  coefficient  obtained 
with a stable t a i l  arrangement and with nose and f'ull-span  double 
slotted  flaps  deflected was 1.85. The l i f t -drag   ra t io   for   th i s  
configuration was 7.3 a t  O . 8 x h x  (apErox. 110 percent of the 
s ta l l ing  speed),  while the maxinnm lift-drag r a t i o  with  flaps 
neutral  waa 14.6. 

COWCUTDING REMARKS 

A wind-tunnel Investigation  at  Reynolds numbers ranging 
from 1.85 X 10 6 t o  7.8 X 10 6 of a 35' sweptforward Xing of aspect 
r a t io  5.79 including high-lift and stall-control  aevices, midwing 
fuselage, and horizontal t a i l  indicated  the  following  results: 

1. The wing  became longitudinally  unatable a t  lift coefficients 
well below maximum l i f t  as a result of extensive  leading-edge  separation 
which occurred  over  the  root  sectione. The maximum l i f t  coefficient 
of 0.96 m a  essentially unchanged throughout the Reynolds number range. 

2. A midwing fuselage  increased  the  basic-ufng maximum l i f t  
coefficient  to 1.21, caused  premature loca l  leading-edge  separation, 
and reduced the magnitudes  of the basic-wing s t ab i l i t y  changes. The 
combined effects  of  addihg the fuselage and extensible nose f laps   in  
the  l inear lift range were to decrease the negative pitching-moment 
increments due t o  trailing-edge-flap  deflection. 

3.  Extension of either  the  extensible nose f laps  o r  s l a t s  over 
the  inboard 41 percent of  the span  prevented  leading-edge  separation 
over the portions of the span  covered by the  leading-edge  devices 
and  minimized the  unstable pitching-moment trends of the  basic wing 
in   the  high-l i f t  range.  Unstable pitching-moment variations were 
indicated  near maximum lift, however,  on the wing-fuselage  combination. 
The shortest span devices were found t o  be  the most satisfactory from 
the  stabil i ty  standpoint  in  the range investigated from 41  t o  75 percent 
of the semispan. Drooped-nose f laps  were the  least   effect ive of the 
three  leadfng-edge  devices. 



a 

. 4. Deflection of trailing-edge  flaps on the --fuselage combi- 
nation caused  undesirable changes in s t ab i l i t y  which were dependent 
on both the types and locations of f laps.  H i g h  lift coefficients 
appear t o  be attainable w i t h  re la t ively high values of the lift-drag 
ratios.  

5.  Stabi l i ty  was obtained  throughout the lift range with the t a i l  
located 0.11 semispan below the wing chord  plane  extended for a l l  model 
configurations  bvestigated and with the t a i l  located 0.11 sedspan 
above the w i n g  chord  plane with trail ing-edge  f laps  neutral .   Stabil i ty 
was obtained t o  moderately high lxt coefficients  for all other 
positions up t o  0.36 semispan above the  wing-chord plane extended with 
instabil i ty  indicated at high l i f t  coefficients. It i s  believed, 
however, in  the madority of these  cases, that the probability of ta i l  
buffeting would provlde adequate stall  warning and thus render opera- 
t i on  i n t o  the unstable range unlikely. 

6. The orders of  magnitude of t r m a  lift coefficfents  believed 
t o  be attainable on the wing-fuselage  combination with 41-percent-span 
nose flaps were as follows: 1.5 w i t h  either full-span single slotted 
or  partial-span double s lot ted  f laps  and 1.7 wlth f’dl-span double 
slotted  f laps.   Lift-drag  ratios  ranging from 4.8 t o  6.6 existed at 
these l i f t  coefficients. The maximum trFmmed l i f t  coefficient Obtained 
with a stable t a i l  arrangement and w i t h  noBe and trailing-edge flaps 
deflected w a ~  1.85. The Iift-dra.g r a t io   fo r  this configuration 
wa8 7.3 a t  0 . 8 5 c h  (approx. 110 percent  of the stalling speed), 

w h i l e  the maxlmum lift-drag r a t i o  w i t h  flaps neutral  was 14.6. 

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley A i r  Force Base, Va. 
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Streomwis section thkkmss 0.0760~ , 

Figure 1 .- Basic wing detai ls .  Aapect ratio, 5.79; taper ratio, 0.389; 
area, 23.58 q u a r e  feet; waehout, 1.8O; no dihedral at reference 
line. Line- dimenslone in lnchee unleas noted. 
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p l o  
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fidimensions in frocfion of sfreamwk chord) v 
Figure 2.- Detaile of leading-edge sW-confxo l  devices and upper- 

eurface fences. Lfnear dimaneke in inchee m l e s e  noted. 
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Single- slof fed flup. 

chord 

.- 

Figure 3.- Trailing-edge flap  detalle. 
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NACA 0012-64 
aiHoi1 sections -% 

0.25M.AC. - 

8I“ 

Figure 5. - Fuselage and horizontal t a i l  details. W i n g  reference plane 
passes through root chord and 0.2250~ line. Fuselage fFneness 
r a t i o ,  U:l; no incidence. Tail aspect ratio, 4.01; taper ra t io ,  
0.625; M.A.C., 13.85; S t  = 5.16 square feet (0.2198). Linear 
dimensions i n  inches unless noted. 
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